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14EASUREFIENTOF RADIOACTIVE CONTAHINATED UASTES

J. T. Caldwell, D. A. Close, T. W. Crane, T. H. Kuckertz,
W, E. Kunz, R. Morgado, J. C. Pratt, E. R. Shunk, C, J. Llnbarger
Los Alamm National Laboratory, Los Alam@s, New Mexico, USA

L. A. Franks and S, t4,Kocimskl
EGllGSanta Barbara Operations, Goleta, Callfornla, USA

At Los Alarms, a comprehensive program is underway for the development of sensitive, practical, nondestruc-
tive assay techniques for the quantification of low-level transuranics in bulk solid wastes. The program
encompasses a broad range ~f techniques, includlng sophisticated active and passive ganrna-rayspectroscopy
passive neutron detection systems, pulsed portable neutron generator interrogation systc,,m,and electron
accelerator-based techniques, The technlq~es can be used with either low-level or hi~n-level beta-gamma wastes
Inelther low-density or high-density matrices, The techniques are quite sensi:lve (<10 nC1/g detection) and,
In nMny cases, Isotopic specific. Waste packages range in size from small c:;dboard boxes to large metal or
wooden crates. Considerable effort Is being expended on waste matrix Identiflcatlon to improve assay accuracy,

INTRC5UCTION

As pirt of any ~omprehenslve radioactive waste
management program, It Is Important to have the capa-
bility to determine the types and amounts of radio-
activity in w8stes. Without such ability, it Is
impossible to direct cost effective and timPly waste
nmnagement programs for waste gen~rators a~d reposi-
tories, the decontamination and deconsnissionlngof
outdated nuclear facilities, and the exhumation of old
radioactive wsste burial grounds. I+erptofore,only
administrative controls could be used for transuranic
(TRu) waste sorting, often resulting in Oberestimstes
of TRU wlste quanttty, t:lerebysignificantly increas-
ing the amount Gfmater:lls that had to be handled as
retrievable wastes, wh’ichrequires expensive handling
techniques and engineered stora~e,

To ameliorate this problem, a comprehensive pr%
gram Is in progress @t,the Las Alanms National Labora-
tory for the development of sensitive, practical,
nondestructive assay techniques for the quantiffcdtion
of low-level transuranics in bulk solid wastes, The
prooram encompasses a broad range of techniques,
inc]udlng sophisticated octlve and passive ganrna-ray
interrogation,passive neutron detection systems,
pulsed portable neutron generator interrogation
systems, and electr~m accelerator-baselltechniques,
The t~chnfques can be used with either low-level or
hig$-levrl beta-gansnawastes in either lcw-density or
high.dmsity matr ces,

J
Waste package containers range

in sizr from2 ft cardboard cu~tons to 4x4x;’ wood
findmetal crates, Through the use of such technlquer,
ttu capability now exists to cost-effectively sort and
segregate wdstes by ‘TRUcontent, The t~chnlques aro
gener’”.in nature and can be cffectiyply dpplfs!(! to

other than TRU wastus, such as ura,llumand thfs’’ium
mill tailings and radiophfirmaccutlcalwastes,

COWJ5TIUL[ UASTC ASSAY

On~of the ffrtt tnstrunw!ntsd~slgned and built
for th~ assay of trsn~tirnnicwast@s at thr 10nC1/g
level was th@ 14ultfenurq~Ganmw A$say Syst@nl(hi[fiiS),1
‘he ori~tnal t41,[;As( @ Ifg, 1] has brpt!SI nlftcantly
upgraded (14CGASll)j-~ kt[tJISII OPCIWIGJS~n a ss!g-
nn?ntednmlnl which allows t$c dctrrmlnfittonof hot
spots w~th~f!wastP packa~ps. Th@ hnsfc photnn datac-
tor fur both If a 127-nmldlam:@r hy 1,{,-nsnthick Nal
crystal, uhlch optimlzas tlw TIN d?trrtIon (“apablltty
usinu 1,x ray~ findgmrm IWY% hnvinq an ruprqy lrss

Fly, 1, M[GAS TRIIwaste assay systm with Nol photon
detector on top of support looking at rothting
waste package,

than 100 keV, The d@j~~tinn limit at the 3 level

~~~~u ,S less than 1 nC1/g for a 500-s cO”ntt
@ hackqrou,ldfor Am is less than 5 pci/q and for

Packaqcs
typfcally contain lrJw density, comhustihle tyll~Wostl!i
in a 2 ftl cardboard carton, lotol n~ss @f thr ron-
tatner and w,sstesmust gen?rall,yh ln$t thnn 10 h{lfor
accurate assay (errurs :50’;),



(30 level above background, 1ODO-S count, total neu-
tron count) for these neutron detectors is 4 0 nCi/g

3for defpnse grade plutonium oxide. Becaus,? He
detectors are relatively insensitive to photons, they
can operate even In the presence of high fission
product backgrounds (1-10 R/h). The neutron ?Olmters
were added to assure that significant quantiti%
~:l~~tI:/e:f plutonium, even if well shielded, would

The technology for this developnx%t has
been transferred to other 00E facilities and to rhe
U.S. conmrcial Instrumentationsector.

CRATE COUNTER

f4uchof the plutonium and uranium waste generattd
in the nuclear industry Is ultimately packaged in
large crates having tjpical dimensions of 1,0-mor
more on a side. An active-passive 4n neutron c~unting
system has been developed at Los .Alanmsto assay/
screen these large containers for their TRu and
uranium content. This crate counter Is made from
discrete moderated 3He neutron detector modules which rig,,3.
are easily arranycd into a variety of assay chamber

Ratio of count rates for the end modules of a
47 neutron crate assay chamber for a source

geometries. Very large objects ar,~debris from decotn-
missioning programs can be easily accorrsnodatedin the

moved along the length of the assav chamtler.

counter,

riqm 2, Schematic of modular 4::neutron dssa,ychembcr
fur largu crate assny

rigurc 2 depicts thu construction of the di!.crete
counter moduls?sand the placenwnt to form allass]y
chhml)crwith intlrnal dimrn$ions of 1,2x1,2x2.4m.
The mcasllrsut4.1detection rfficicncy in this configur-
ation for o hnrc Cfilifornium:)nurcc1s 14:, Scl)aratr
collntin!~ulrctronics arr provided for each of thp two
chwdlct’si,)cod of the six modules for a tots’(of
twcluo lnd?p@ndcnt signal!., lho relatlvi?singles
counl rntcs from diffrront lw~rtionsof thu 4, s,y$tcm
hrc U$rd for guonmtry and mfitrixcorrectiollf,,II!nw
3 shows th@ rfitioof the count rates from Llw two rnd
nmdule~ as a functton of SOIIIW posit{on sslrm!lthr
Ien!ith of tlw nssty chnml)rr, Similar rattos I18vQh on
nmsured for ths!two st?tsof ol~poslt@sldr nmlules,?
The three ratios cfinscrv@ to st~trrmiflrtlw ,ll]lwoxl-
metr locatlou of iI%ourco, rf Iwe 4 show% tnr crfit~
countw in flnfil assmmhly, Ylh \ s,y$t~mwlll hr plnrsxl
In routinr opnrn ion et n O(N ffirilit,ym

rig. 4. TRU crate assn,vsystcm II,fln~l (nn$truction
pha$c.

count rates in the lnncr and outrr chfimbvr$of ~Ich
nwdulf?,

~or piutoniunlcent.amllldtedwastes, tll~’l~a~$lc 411
‘1

mats, Iftllo~~OPu tototal Puratio isknnw,l, this
coincident men rewnt qcrwrally dcicrnltnetthr L ~Pu

nwa!urz,rx)ntd@turminos the totnl Pu
d[ltswt!onsrnsltfvtty is nhnut 10 m!l“Y~iilu,?Y+’”red‘“

b:J-GAl.10N[NIUtICfIUNTER



Fig. 5. Schematic of drum assay system.

die away in the Interrogationcavity with a half life
of about 0,76 ms. The interrogating thernnl pulSe
lasts a long time In the chamber and induces thermal
neutron fission In any fisslle material present In the
waste barrel, The cadmium-cover~d detectors count only
:~~;:;:~:~{~;n;;;::;;;:;e:;r;:;~ l%;s:;;t;: :as

?08-L barrel, A complete description of this system,
including Its application to mixed wastes (curium,
californium, plutonium, uranium, americium, neptunium),
End rnatrfxcorrection mthods, is present?d elsewhere,

Ridge National laborator,
poses under field condit
is working as planned.

‘*Y A drum assay system has recently been developed
and fabricatedby 10S Alamos and Installrd at the Oak

for test and evaluation pur-
ons (see Fig, 6), lhe system

have ener tic ganrnarays. An isotope in the grey
narea is 2 Am, which has a low fission cross section

and spontaneous fission rate and a very intense but
lnw energy (Ey ■ 60 keV), ganrraray.

Active/passive gamna-ray spectroscopy has been
long used to quantif the radioactive material and

8wastes in a barrel.1 ,11 The major problem is charac-
terizing the matrix to make the necessary corrections
to the gamma-ray signatures. There are two subtly
different techniques, One is to use external sources,
I%tical to the isotcpes in the barrel, to over-ride
the passive signal, to give the effective attenuation .
~t the desired energies. The other technique relies
on the fact that above about 150 keV, the attenuation
coefficient varies smoothly and slowly as a function
of energy. This technique characterizes the matrix as
a function of energy over a large energy range.

LINACAPPLIUTIONS

An electron linear accelerator (LINAC) can be the
heart of a complete assay system. Photoflssion inter-
rogation offers good sensitivity for TRU, but because
of the similarity of photofission cross st?ctiGnsfor
both fissile and fertile (e.g, 23BU) isotopes and
other high Z materials, such as lead. identification
of specific nuclides is dilficult, Thermal neutron
interrogation offers high sensitivity for flssilc
Isotopes but essentially none for fertile isotopes.
A combinat+or,of neutron and photon interr
separate the fissile and fertile isotopes.

~;ation Cdn

Photons are produced in a bremsst?ahlung target
that stops the electron beam, The photon beam then
passes through a polyethylene slab to harden the pho-
ton spectrum. A portion of the higher energy p),atons
above various reaction threshold energies will produce
photoneutrons, A beryllium converter can also be used
to significantly increase tilephotoneutron flux.
Photoneutrons and prompt photofission neutrons will
the,vnalizein a few tens of microseconds and will
persist as thernuls for h~ndreds of microseconds,
during which tinw they will generate thermal neutron
fissions anmng the fissile TRU. Prompt fissions froll
thermal fission are separnted {n time from the ptloto-
neutrons and can servo as a quantitative signatu:’~’,
The det~ction nwthod is the differ~ntio]-#{e-8way
system described cnrlier and elsewhere,

rig, 6, OHNL drum ac,s~ysystcm with CIorwoImiIfind
barrel lnadin!lplntforrnin place.

(WMM AsSAY



While the thermai fissions are produced in near
simultaneity with the photofission events, the prompt
and delayed neutrons from the two fission processes
can be resolved in a single detector. This is illus-
trated in Fig. 7, where the neutron count rat~ from a
1 g 239Pc sample irradiated Jy a 12 MeV bremsstrahlung
!wv.t is plotted versus time after burst, Curve “a”
shows t!lcprompt neutron count rate to psrsist for
about 8 ms, with a nearly constant delayed neutron
count rate continuin to the next burst.

~
Curve “b”,

obtained with the 23 Pu wrapped with cadmium, shows
the delayed neutrons to be only weakly affected by the
cadmium, whereas the prompt neutrons are essentia-lly
absent, demonstrating the predominantly photofission
origin of the delayed group. For a 200-s LINI?Cinter-
roaati n run, the 30 detection limit i: bettei’than

%1 mg 2 ‘Pu, which is less than 1 nCijg of waste for a
105 kg matrix of aluminim scrap in cs208-t barrel.
13,14 Barrels of ~on~rete, bftumell,sand, and other
matrices have also been studied with wide applications
in waste management programs, It should be noted that
tt,ecystems described here can be installed in a
mobile van for field analysis. Such a system is now
under study.

NONDESTRLICTIJEEXAMINATION

While the LINAC is being used as an interrogation
source, it ~an simultaneously be used to produce a
radiograph or picture of the waste container and con-
tents, A radiograph indicates where and what inhomo-
geneities are in the barrel, Of a purely qualitative
r!ature,a radiograph gives an excellent fingerprint of
;he barr~l, which can be used for shipper/receiver
verification that a given barrel has not been tampered
with,

MATRIx IDENTIFICATION

To further complete an assay, the LINAC can be
used to identify matrix constituents using the thermal
neutron capture reaction (n,]) and a hyperpure ger-
man:um (l{pGe)gamma detector, Such identification is
especially useful when the neutron detectors indicate
highly ab,orbing materials present, Preliminary
measurements have identified cadmiu,u,aluminum, iron,
tlydrogenand chlorioe. In our prelimifiarymeasure-
ments. the H11C6detector was severely affected by the
gamma fla~h from the LINAC ~nd wa~ pcrhly:ed for
seve~~l rnillisccondsafter the flflsh. Thus, the
pronlptcapture gamma rays were missed and only a few
ganlna‘:aysfrom thermal neutron activation were
aecectec!, Recvnt rfforts have greatly reduced the
par,~l,ysijtime ‘\fthe detector so that prompt c~pturo
ganm rays ,]renow clet~ctt!d,

Similar matrix sturiipscan bc 1 d: using ottler
external neutron s~urres, such at 2g~Cf, or even the
intcrnn; neutron sources (e,g, alpha-n reactions)
contained within the waste. Lenerally, those nwthods
do n’]tsuffer fromdetcctor pal’alysisproblems,
Tohlc 1 :hows the expertnwntally nwasured dct.e~ta-
hillty l{mit (3c7lCVC1 above hackgrour.d,10(~f)-c,count)
for vflri.?us elements located in tfiecentral rcqiun of

: ;:H;j !Y;re’ (“’()()‘g)’
These measurement..employed

J Cf neutron sourco and a highly collimats!fi
161 cfficfs?ntfic(l,l)detector, “ihcrwalnc.~tron(ap-
tur,’is jlarticularlys!!nsitivrto neutron imison~, A
rlrtcctohillt.ylimit Imlow 1 g (.10 ppm) i!,achieved
for all tht]neutron pcrisontoxccpt lithium, The poor
sensitivity for lfth!um it because tho primary neutron
oh~c)rhinglithitJlll l$otrrtlc,61i, capt,urr$n~utrorls
without cmittinq ganm rays, lhc tf?Crlr~i(i.,Pcan bP
us[j(ite Id[iutif,yha~ardouq and toxic matdrfals othrr
thatlra(iiofict, vo matorlols (o,!], tk Itcovy nw:al~,
nwrcury filId cadmium),

TABLE 1. Elemental Thermal Neutron Capture Ganuna-Ray
Sensitivities for 20E1-Liter-DrumAssays.

NumLer of Det:;;;;~lity
Elemcrrt G>rmna-RayLinesa ,,

Hydrogenc
Helium
Lithiumd
Beryllium
Borond
Carbon
Nitrogenc
Oxygen
Fluorine
Sodium
,Ftagnesium
Alumirrumc
Silicon
Phosphorus
Sulfur
Chlo~ine
Potassium
Calcium
Scandium
Titanium
Vanadium
Chromium
Manganese
Ironc
Cobalt
Nickel
Copper
Zinc
Cadmiumd
Gadoliniumd

71
33
1?

Mercury 41

14.2 g

3.2 kg
8.6 kg

150 mg
40.3 kg
1.7 kg

5.6 kg
176 g
286 g
605 g
97(J g

? kg
4U9 g
15.3 g

280 g
792
21,8 :
45.2 g
68,2 g
202
48,2 g
508 g

9
1;: g
95 g
1,2 kg

420 n,+
879

3.2 ;g

aWhen usable, escape peaks are included,

bCounting time 1000-s, three stand?rd deviations above
background,

cpossib;Q interference with,measurement system

comi)onent,s.

‘Neutron poison.

SUMMARY

The l.or,Alamos TRIJwaste assay program is rt?vel-
opinq measurement techniques for TRU and other radio-
active wa$te materials generated by the nuclear indu\-
tr,y, Systems are now bcinrjfielded for test and
evaluation purposes at 00E TRU waste generators. The
tral,sferof this technology to other facilitir$ and
th(!commercial instrumentation sector is well ip ro..
[lr~ss,
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